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Publishedwork linksadult lymphoid tissue-inducercells (LTi)withTcell-dependentantibody responses. In this
issue of Immunity, Tsuji et al. (2008) associate LTi with T cell-independent IgA antibody responses in the gut.Immunity 29, August 15, 2008 ª2008 Elsevier Inc. 171Phylogeny indicates that the capacity
to mount class-switched, high-affinity
T cell-dependent antibody responses co-
evolved with the development of orga-
nized secondary lymphoid organs. The
first taxa to really demonstrate this are
birds, which have an organized spleen
but lack true lymph nodes and have only
a few Peyer’s patches. They do, however,
have structures that resemble isolated
lymphoid follicles (ILFs), the subject of
the current paper previewed here (Tsuji
et al., 2008). This paper shows that
T cell-independent immunoglobulin class
switching to IgA occurs in ILFs. It raises
the possibility that ILFs were an interme-
diate steppingstone in the evolution of
high-affinity, class-switched T cell-de-
pendent (TD) antibody responses, the
hallmark of mammalian immunity.
Unlike conventional lymph nodes,
Peyer’s patches, and spleen, ILFs de-
velop postnatally; their development is
driven by bacterial colonization of the
gut (they are far more numerous in the
bacteria-rich colon than in the small intes-
tine). They are nonencapsulated struc-
tures that, unlike conventional secondary
lymphoid organs, can involute as the anti-
body-secreting system matures but can
reappear in the context of infection. ILFs
exhibit both similarities to as well as im-
portant differences from spleen, lymph
node, and Peyer’s patches. The main dif-
ference is that they lack a defined den-
dritic cell (DC)-rich T zone, and the DCs
and few T cells that they contain are
found, together with stromal cells, within
the B cell-rich follicular structure. Some
of the stromal cells become specialized
antigen-trapping follicular dendritic cells
(FDCs) after antigen exposure.
In mice, LTi development depends on
the splice variant of the retinoic orphan re-
ceptor gamma (RORgt). LTi are the critical
cells that induce stromal expression of thechemokines that attract lymphocytes and
DCs to form conventional lymph nodes
and Peyer’s patches, but also ILFs. How-
ever, in adult life, LTi have functions other
than lymphoid tissue neogenesis. They
help purge the T cell repertoire in thymus
(Rossi et al., 2007), in addition to establish-
ing the microenvironments that sustain
CD4+ T cell-dependent (TD) memory anti-
body responses (Lane et al., 2005). In con-
ventional lymphoid tissues, adult LTi are
found in the two key locations where
CD4+ T cells help B cells: the outer T
zone, where DCs and T cells induce
plasma cell differentiation; and the B folli-
cle, where CD4+ T cells with FDCs drive af-
finity maturation in germinal centers (GCs).
However, previous work has not linked
LTi with T cell-independent antibody re-
sponses. The paper previewed here
does just that and, in doing so, provides
insight into the evolution of both TD anti-
body responses and functional origin of
the B follicle (Tsuji et al., 2008). IgA is the
dominant immunoglobulin isotype elicited
by the enormous numbers of bacteria in
the intestine. This group had previously
shown that gut IgA class switching was
AID (activation-induced cytidine deami-
nase) dependent. When they examined
where AID was expressed they found it,
as expected, in conventional Peyer’s
patches, but also in ILFs. Furthermore,
when they examined mice deficient in
LTi, which lack both ILFs and Peyer’s
patches as well as lymph nodes, they
found a selective deficiency of secreted
and serum IgA, indicating that the missing
follicular structures were required for AID
dependent IgA class switching. To sepa-
rate the relative contribution of ILFs from
that of lymph nodes and Peyer’s patches,
they reconstituted irradiated RORgt LTi-
deficient mice with normal bone marrow.
These mice did not develop the develop-
mentally programmed Peyer’s patchesand lymph nodes, but they did form ILFs
and acquire both secreted and serum
IgA. The IgA titers generated indicated
that ILFs are an important location for
IgA class switching. Furthermore, adop-
tive transfer of LTi from both adult and
neonatal mice induced both ILF and IgA
formation in RORgt-deficient mice, impli-
cating LTi directly in IgA switching in
ILFs. Tsuji et al. then asked whether the
ILF IgA responses required T cells and
found them to be substantially T cell inde-
pendent, a contrast to Peyer’s patches.
The authors then went on to distinguish,
with remarkable success given the com-
plexity of the microenvironment, the rela-
tive contributions of LTi, DCs, and stromal
cells to this T cell-independent response.
Consistent with ILF formation’s being
driven by bacterial colonization, they
identified signaling through toll-like re-
ceptors as being crucial to the induction
of AID-dependent IgA switching in T cell-
independent ILFs. However, a crucial
component of this in vitro cellular and cy-
tokine cocktail is missing: antigen speci-
ficity. FDCs are stromal cells, modifiable
by their interactions with LTi and B cells,
which trap immune complexes in native
form and enable cotriggering of antigen-
specific B cells through C3d and their im-
munoglobulin receptor, a potent signal for
B cell proliferation (Dempsey et al., 1996).
This is likely to be crucial to B cell selec-
tion within ILFs but is difficult to recreate
in vitro. With this signal in place, toll-like
receptor signals might be dispensable.
What is the specific role of LTi in T cell-
independent antibody production in ILF?
We have suggested that their principle
function in TD responses is to form and
sustain the cellular microenvironments
within which CD4+ T cells select B cells.
It seems that LTi provide similarly for the
selection of B cells within T cell-indepen-
dent ILF. The key feature of LTi is their
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of tumor necrosis family (TNF) members
(LTa and LTb, TNFa, LIGHT, TRANCE,
and OX40 and CD30 ligands [OX40L and
CD30L]) (Lane et al., 2005). All of these
molecules, with the exception of OX40L,
have been demonstrated to play a role in
either B/T cell segregation or lymphoid
tissue neogenesis (Bekiaris et al., 2007;
Fu and Chaplin, 1999; Mebius, 2003). In
the context of ILFs, LTi and B cells signal
FDC induction through stromal TNFR1
and LTbR, which in turn sustain B cells
through stromal expression of the TNF
ligand, BAFF. However, LTi also signal
survival to the DC populations expressing
both LTbR and RANK (TRANCE-R), which
then provide additional signals crucial for
inducing IgA plasma cell differentiation
within ILFs (Figure 1).
The critical importanceof thiselegant set
of experiments is that it provides a glimpse
of an ancestral T cell-independent but AID-
dependent immune system for selecting,
perhaps diversifying through somatic mu-
tation, and class switching B cells to IgA,
the most abundant immunoglobulin in
mammals. Indoing so, it provides the miss-
ing link to TD antibody responses. It sug-
gests that LTi-dependent ILF evolved first
to select B cells independently of T cells
to generate gut IgA. Differing from LTi in
what we know as conventional lymphoid
tissues, LTi in ILF coordinate both class
switching (via FDC) and plasma cell differ-
entiation (via DC) at the same site. In this
evolutionary scenario, CD4+ T cells are
late arrivals at the B follicle and represent
a new dimension in stimulating B cells. Pri-
mary antibody responses and class
switching do not depend on OX40 and
CD30 signals to CD4+ T cells, but affinity
maturation and memory do (Lane et al.,
2005). Given the colossal advantage that
high-affinity memory antibody responses
confer against pathogens, it is not too diffi-
cult to imagine that LTi, already keeping
other cell types alive through TNF ligand
expression, were the right niche for the ex-
pression of the late-evolving TNF ligands,
OX40L and CD30L (Glenney and Wiens,
2007), to keep CD4+ T cells alive.
The conclusions reached by Tsuji et al.
place LTi, already suggested to be central
to TD responses, also at the heart of T cell-
independent antibody responses (Fig-
ure 1). What is the origin of these cells?
They express many proteins (IL7Ra, cKit,
thy1, common gc, and often CD4) that172 Immunity 29, August 15, 2008 ª2008 Elsmake them look like T cell progenitors.
They also express transcription factors
(RORa, RORgt, and AHR) linked with nor-
mal T cell development and particularly T
helper 17 (Th17) cell differentiation. Th17
Figure 1. LTi Maintain Microenvironments
for T and B Cell Responses through
Expression of Diverse TNF-Ligands
The top panel shows T cell-independent ILFs. The
middle panel shows CD4+ T cell help to B cells in
ILFs. The bottom panel shows classical TD re-
sponses. In B follicles, T cells and FDCs foster
AID-dependent GC affinity maturation. In the outer
T zone, T cells and DCs foster AID-dependent
class switching in B cells that become plasma
cells.evier Inc.cells are probably the most primitive
CD4+ subset, and LTi share many genes
with them. LTi express high amounts of
the Th17 cell-associated AHR-regulated
cytokine IL-22 (our and O’Shea lab [NIH],
unpublished data and J. O’Shea, personal
communication, respectively). Finally,
they express CCR6 and the TNF receptor,
DR3, also strongly associated with Th17
cells. Why? A simple explanation might
be that LTi are an ancestor of the Th17
cell lineage, just as macrophages have
been proposed to be the ancestors of B
cells (Li et al., 2006). It is interesting in
this regard that there is an extensive
though controversial literature on the role
of cryptopatches, the immature precur-
sors of ILFs (lacking B cells), in the gener-
ation of T cells in a prethymic era (reviewed
in Hayday and Gibbons, 2008). Perhaps
LTi in ILFs acquired a T cell receptor and
found a new way of selecting B cells.
Although the last is pure speculation, it
is becoming clear that LTi are central to
lymphocyte responses. Just as the com-
plexity of DC biology has emerged over
the last 20 years, the next decade is likely
to see the dissection of diversity in LTi
subpopulations.
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